inTRODUCTiOn
Indonesia is a developing country with abundance resource of fossil fuel in the world, and this fossil fuel will remain as the main source of energy over the next few decades. However, the Indonesian Government has committed to reducing greenhouse gas emissions from fossil fuel consumption as an effort to mitigate climate change. In view of this, two possible energy scenarios are envisioned to honor this commitment: "business as usual" (BaU) and the National Energy Policy (NEP) scenario (National Energy Council, 2014) . The NEP scenario reduces CO2 emissions by up to 26% through an improved energy mix, less reliance on carbon-based fuels, and the deployment of renewable energy sources from 2020 to 2050. However, these actions are considered insufficient to further reduce the CO2 emission target, leading to an initiative to implement carbon capture and storage (CCS) technology.
Although Indonesia is a developing country, it has a mature manufacturing industry, which means that carbon-capture utilization (CCU) technology, which converts CO2 into useful products and intermediates, could provide an additional method to complement CCS technology and help decouple economic growth from excessive CO2 emission (Styring et al., 2014) .
This report reviews how CCS and CCU are applied in Indonesia, particularly in relation to the energy sector. In addition, CO2 emissions from future fossil fuel consumption are predicted together with the amount of CO2 emitted that is suitable for CCS. The barriers hindering the application of CCS are also reviewed together with the alternatives to CCU technology. Because of some drawbacks in the development of CCS, the potential of CCU deployment is assessed, leading to several recommendations. Finally, we discuss what the application of both CCS and CCU can offer Indonesia.
CARBOn CApTURE AnD STORAGE
Implementing CCS involves the application of CO2 capture technology, transportation and injection into storage facilities, and monitoring (ADB, 2013) . The Global CCS Institute (2016) reports that, in 2016, most ongoing CCS projects worldwide are applied in oil and gas, power, and the industrial sector. Some examples include the Uthmaniyah CO2-enhanced oil recovery (EOR) project in Saudi Arabia and the Boundary Dam Power Plant CCS Project in Canada.
The Indonesian Government has also considered CCS as a national strategy, as demonstrated by the existing CCS pilot project in Merbau Gas Gathering Station. The captured CO2 is injected into the depleted oil and gas reservoir surrounding the point of source. This project will store 50-100 t of CO2 per day for several months starting in 2016 and will be shut-in for assessment in 2018 [LEMIGAS (R&D Centre for Oil and Gas Technology), 2012].
However, some barriers remain that hinder the deployment of CCS. The retrofitting of CO2 capture technology to power plants often confronts technical barriers that increase the cost of producing electricity. Other technical barriers come from site selection, storage capacity, transportation, and the degree of confidence in terms of geological modeling and monitoring. Social barriers may also arise because of the safety issues connected with leakage, long-term liability, and public acceptance (Styring et al., 2011) .
CARBOn CApTURE AnD UTiLiZATiOn
Indonesia has initiated several research programs targeting climate change and CO2 reduction. However, most of these programs examine only the role of natural CO2 sequestration rather than CO2 conversion into commercial products. The idea of CCU technology is to convert CO2 into various valuable products. Aresta (2010) has researched CO2 synthesis into carboxylates, carbonates, carbamates, isocyanates, and polymeric materials that have been examined for use in electrochemistry and photo electrochemistry. CO2 and its co-reactant can be activated and further transformed into a useful chemical either by creating high-energy salts or by using catalysts (Styring et al., 2014) .
However, other than for producing urea, the use of CCU on an industrial scale remains insignificant, especially for direct capture from flue gas. This paper considers the CCU concept only in conjunction with the conversion. Thus, CO2 use other than for conversion, such as the use of CO2 as a solvent, a working fluid for heat transfer, is not considered herein.
Carbon capture and utilization might also bring significant benefits to Indonesia because the wide-ranging products have increasing market potential, which is of interest because of Indonesia's large population coupled with its economic growth. The population of Indonesia is currently around 257 million and is predicted to rise to 285 million in 2030 and 322 million in 2050 (United Nations, 2015).
CCS AnD CARBOn CApTURE AnD
UTiLiZATiOn FOR inDOnESiA Figure 1 shows the trend of fossil fuel consumption and the related CO2 emission in Indonesia. Fossil fuel consumption has increased from 53.4 Mtoe in 1990 to 154.93 Mtoe in 2013, when the oil share was around 50-60%. The NEP scenario would reduce the oil share to 25-30%, but the overall fossil fuel consumption should increase to 690 Mtoe in 2050. This increase in fossil fuel consumption will be accompanied by arise in CO2 emission. In 1990, CO2 emission was 133.9 Mtoe, which increased to 133.9 Mtoe in 2013. In 2030 and 2050, it is predicted to reach 1000.6 and 2065.98 Mtoe, respectively.
Although the NEP scenario aims to increase the share of renewable energy sources, it will be insufficient to achieve an overall 26% reduction in CO2 emission in 2020. As a result, CCS must be applied as a tool to significantly mitigate CO2 emission, particularly CO2 emission from the oil and gas, power, and industrial sectors.
In 2012, through LEMIGAS, the Indonesian Government estimates a storage capacity of 640 Mtoe of CO2 in depleted oil and gas fields, most of which are in Kutai, Tarakan, and the South Sumatra region. Considering the level of CO2 emission given in Figure 1 , this CO2 storage capacity will not cover the predicted CO2 emissions from fossil fuel in 2030 or 2050. Therefore, CCS might be more feasible if it focuses on the existing power plants and oil and gas facilities, particularly for locations close to the potential CO2 storage sites.
Currently, the most attractive option for CCS in Indonesia is CO2 storage in conjunction with EORs, because oil production has the potential to generate additional revenue that can offset the cost of CCS (Syahrial et al., 2010) . However, for long-term CCS, this option is not expected to achieve the requisite CO2 reduction target because, when consumed, oil produced from EOR releases CO2. Furthermore, deploying CCS in the power sector may not only mitigate CO2 emissions but may also speed up industrialization by increasing the number of new power plants to achieve the national electrification target. The new construction of "CO2 capture ready" power plants may avoid the retrofit cost of CO2 capture (Syahrial et al., 2010) .
The predicted fossil fuel consumption, the amount of CO2 emission, and the future population growth in Indonesia should increase the effort to explore and deploy CCS. A promising first step has been taken by the government in the form of the CO2 Storage Mapping Program run by the Coordinating Committee for Geoscience Programs in East and Southeast Asia (CCOP), whose goal is to investigate potential CO2 storage sites.
Carbon Capture and Utilization
The three largest-scale CO2-derived products are urea with ~157 Mtoe worldwide, followed by salicylic acid and cyclic carbonate with, respectively, ~90 and ~80 thousand tonnes worldwide (Styring et al., 2014) . Indonesia contributed almost 5% to the global urea production in 2015 and is predicted to increase its production over the coming decades. According to the Ministry of Industry of the Republic of Indonesia (2010) For CCU applications, significant energy is required to satisfy specific capturing and conversion technology. Therefore, the energy must come from an excess of renewable power rather than from fossil fuel, otherwise a net reduction in CO2 would be impossible (Styring et al., 2014) . Thus, CCU is more applicable in the NEP scenario than in the BaU scenario because, in the former, sufficient energy for CCU comes from renewables and fossil fuel-based power plants are a source of CO2.
The transformation of energy systems involves significant investment and regulation from the related institutions. For regulations, the stabilization of political conditions in Indonesia is highly likely to affect the deployment of CCU technology. In addition to transforming energy systems, qualified human resources, mature carbon capture, and a transportation infrastructure should also be available for CO2 conversion products to compete with conventional products. However, despite the advance of lowcost energy from renewables, market intervention by policy is still likely to be required to create market space for CCU products.
The Indonesian Government has proposed the National Industrial Development Master Plan (RIPIN) for the years 2015-2035. The CCU concept fits very well into this master plan because the plan regulates some important visions to develop green industries, including the use of eco-products, renewables, and low hazard substances (Presiden Republik Indonesia, 2015) . RIPIN also mentions that the Indonesian Government might adopt a mature approach to green industry from another country. The European policy SCOT (a vision for smart CO2 transformation in Europe) is one recommended approach to support RIPIN. In SCOT, the initial plans for CCU include research into life-cycle assessment, policy frameworks, and carbon capture installations (Wilson et al., 2016) . To successfully implement CCU, the technical and non-technical challenges of CCU must be addressed by Indonesia through sufficient funding and support from both the public and private sectors. Figure 1 shows the prediction of how CO2 emission can change if the CCS and CCU are applied in the future. The prediction of CO2 emission would change significantly with the increase of emission reduction from 6% in 2025 to 37% in 2050 in case the CCS and CCU application has been applied. This estimation is based on the assumption of carbon capture technology will be applied to point CO2 sources (oil and gas facilities, power plants, and manufacturing) and considers the CCS capacity and efficiency (UCL Energy Institute, 2013) including the potential application of CCU in Indonesia.
COnCLUSiOn
Indonesia plans to reduce future CO2 emissions in spite of its energy scenario remaining reliant on fossil fuels. The potential of CCS in Indonesia would reduce CO2 emission from oil and gas, power plants, and industry. Because CCS alone is insufficient to attain the CO2 emission goals, CCU technology offers an alternative in which CO2 is put to use rather than simply sequestered. Carbon capture and utilization will be suitable if the Indonesian Government accepts the NEP scenario, which foresees a significant share of the energy mix coming from renewables. Carbon capture and utilization might be more attractive to Indonesia than CCS alone because the industrial products from CO2 have a significant potential market due to Indonesia's increasing population and concomitant economic growth. However, in Indonesia, the research and development of CCU is not well developed. Therefore, a framework within which CCU applications can be produced would lead to more efficient and sustainable use of Indonesia's resources and would result in an eco-competitive industry. In conclusion, applying CCS with CCU offers not only a reduction in CO2 emission but also the potential to decouple economic growth from CO2 emission.
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